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(54) PkiW aconombar control ayatam for 
blowout pravantara 

(57) A fbw prassura sansing control system 

for oaa with blowout pravartars having an 

oparator cylindar and piston 11. 12lor 

doling of tha blowout pravantar, wharam 

tha oparator cylindar and piston havaa 

cbsing sids 14 and an opaning aida 16 ano 

whartm tha closing aida haa a graatar 

aff activa aurfaea araa than tha opaning 

aida. Tha aystam Indudaa a * #fl *| n j' 
mamna 35 for dropping praaaura ol ttow 

diractad to tha dosing *ida ratettvaly wnn 

incraasaa In tha flow vrtodiy d 

flow. AfkjWratumayataiTi20bilnciyda^lw 

satacthraty diracting tha fMd 1iom tha 
opaning aida of tha oparator P*ontcJha_ 
dosing aida of tha oparalor puton whan tna 
drop in praaaura across tha sansing maans 
attains a magnituda abova a pradatarminad 
vahia in ordar to raduca fWd capadiy 
raquiramants and altamartvaly to tfract flow 
from tha doaing aida to a discharga point 
whan tha drop in praaaura dae*oaaoa batow 
thapradatarminadva.ua, A saquanco vaJva 
60 for salaclivaJy initiating ths Itew to tha 
sansing maans for usa in combination with 
tha sansing maans and fluid ratum systam 
tsalsodisdosad. 
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to move the piston and rod from a fully opened position to a 
fully closed position. Horsepower requirements to close the 
piston are also significant due to the volumetric 
relationship between flow through the pump and the pressure 
5 of the lines. That is, the greater the volume of flow at a 
given pressure, the greater the installed horsepower 
requirements « 

Many attempts have been made to reduce the horsepower 
and fluid requirements of an operator cylinder. In O.S. 
10 Patent Ho. 3,360,807 to Lucky, a valve apparatus is provided 
Hhich utilizes the downhole pressure of the line fluid 
created by the blowout to aid in closing the blowout 
preventer. The use of line fluid, however, can increase 
both corrosion and contamination of the valve parts, thereby 
15 shortening the useful life of the valve. 

in U.S. Patent Ho. 3,399,957 to O'Heil, a system is 
shown in Fig. 18 comprising an accumulator cylinder utilized' 
i„ conjunction with a pump means. The pump means is 
continuously operated to effectively raise the piston and 
20 pressurize the accumulator cylinder. The systea, however, 
allows the use of a lower horsepower input pump rather than 
minimizing overall horsepower requirements and fluid 
requirements. As in many of the other prior art devices, 
fluid expelled from the pistons during the lowering motion 
25 cf the pistons is discharged to a reservoir each time the 
pistons are lowered. 

Other attempts are believed to have been made to reduce 
the overall horsepower requirements, but these are believed 
to have involved costly modifications to the blowout 

30 preventer structure. 

Hence, to provide an improved control valve system, it 
is desirable to provide a system requiring less horsepower 
to operate the system, while also decreasing hydraulic fluid 
requirements of the system. 



g.im-arv of Invention 
nresent invention overcomes the prior art 
\ through a control valve system for blowout 
disadvantages ^ a seMlng means for dropping 

preventers which floH velocity of fluid 

th. operator too « that the co „trol «1« 

eyllnd.r. I .»>«" • sph .rlo.l Mo«out pr.v.nt. r. 

U J :tx«i«« .1- of th. pl.to„ 1» th. .ph.ri..l 
wherein the closing si tfc# 

op.r.tor pl.t.. of r» 1» » ^ 

e.rr..pohd to th " la grM t.r th.» th. 

surface area or *n«* ^ * Aa stated 

.f M of the opening sice. »a 

• ,f,0MV ;.r.? fo" .l.plt.it,, th. l»v.ntlo» .111 b. 
abow. how».r, for • " t pre „ nt . r . Th. 

d. .or».d la ijUU '« » pl ,t.n .111 h. 

s-rss. - — ; trr - 1 

rtm Pr.«.t.r - • -^^.0^."-. « , rl or 

a...rdi..i,. th-^ot io.«ti« ^ fop 

e , .r.tor o,«n*.r. havlo. » .» op..ln g 
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eBtW9 ^.:To th. o " " -hloh flou .»t.r. to .1... th. 
oorr.ap.odlo. to th. . , lMl(ld „ a 

« r .,tlo. fluid fro, ^/V;^ n . ^tor ,"llna. P r 
. eyl lno.r to th. oloolng .Id. » f tM 0 ^* „,„, attalns . 
th. drop in proowr. .oro.. th. sensinff 
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♦^loally includes a flow dampener, but it will M 

typioaiiy m^* velocity dependent 

understood that other pressure P ppesent 
devices may be utilized in accordance with 

Invention. . return system 

t« the oref erred embodiment, the riuia 
In the prere contpol 8y8t e«n for 

al8 o include, a «"£TLm the opening side of the 
^^^^^^ either the closing side of 
operator p»«-« oressure across the 

W lt.bl« .y»t« U « for crryin. th. 

,r.„«,t..d fluid ..»r». »d . lo» .Id. J" th . 

:rx - — r.^r e :r 7 r. 

the discharge point. 
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The directional flow control system of this aspeot of 
the preferred embodiment further includes a switching 
mechanism for selectively moving the control piston. The 
switching mechanism may comprise a switching cylinder 
5 including a switching cylinder piston slidably mounted 
therein. A rod is then disposed In communication with the 
switching cylinder piston and the control piston such that 
the selective movement of the switching cylinder piston 
selectively displaces the switching rod, thereby displacing 
10 the control piston from one end of the control cylinder to 
fcho oth6t*e 

in this aspect of the invention, the pressure 
differential across the sensing means is monitored with 
relation to the surface areas of the control piston and the 
1 5 switching cylinder piston. That is the pressure is 
measured as a function of force on each piston as defined by 
the respective effective surface areas of the pistons 
wherein the pressure on the low side of the sensing means is 
directed to the switching cylinder while the high side 
20 pressure is applied to the control piston. Hence, by 
regulating the "difference in surface areas between the 
switching cylinder piston and the control piston, the 
movement of the switching cylinder piston may be controlled 
for given pressure drops across the sensing means. In this 
2S manner, the switching cylinder piston operates to 
selectively displace the control piston to the desired mode. 

In a more detailed aspect of the invention, the control 
valve system Includes a sequence valve in communication with 
the control cylinder for selectively directing pressurized 
30 fluid to open the operator cylinder or to clcse the operator 
cylinder. The sequence valve may comprise a means for 
monitoring pressure input fro. a first variable 
fluid source and a means for selectively directing fluid 
flow from the first fluid source to a means for channeling 
35 fluid from a second fluid source to open or close the 

actuating cylinder. 

The instant Invention also provides a method of 
decreasing fluid capacity requirements, and horsepower 
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Brief Description of the D rawings 
This invention will further be Illustrated by reference 
w, the Appended drawings which illustrate particular 
embodiments of the control valve system in accordance with 

5 this invention. 

Fig. 1 is « schematic, cross-sectional view of the 
control valve system for operator cylinders. 

Pig. 2 is a schematic view of the system in Pig. 1 in 
the closing mode for fast motion and low force 
10 Plg . 3 ls a schematic of the system of Pig. 1 in the 

closing mode once the pressure drop across the sensing means 
has decreased below the predetermined value. 

Fig. 1 is a schematic view of the control valve system 
of Fig. 1 in the opening mode wherein the operator piston is 
returned to a fully opened position. 
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n.«<irl ntlQP of, the Vr' r " rr '" s SnbodllMnta 
Thls "inT.ntlon relatee to an operator cylinder control 
«1« U« particularly eulted for uae .1th blowout 
preventer,. Ml. th. dea.rlptlon belo. .111 « • 

...h.nlo.1 oontrol valve .yet., for a ra.-t,P« bloeout 
!r.,.nt.r. It «1U b. und.rat.od tn.t th. pra.ant lnv.ntlon 
la alao applicable to apherlc.l blowout prev.nt.ra and to 
„,t«. molding .l..tro..chenlo.l =wlt.hlng ...henla... 

geferrlng to Fig. 1, th. blcout preventer ey.te. 10 1. 
woreaented by an operator cylinder 11 having an operator 
7,1^21. .blob 1. a.~r.d a rod 13. The operator pl.ton 
St operator 6yU nd.r 11 have a oloalng aid. 1. oppoaln. 
th. aid. on which th. rod 13 1= connected and an opening 
sld . 16 correapondlng to th. aid. of th. operator p .ton 12 
! thiol, th. rod 13 la connected. The operator cylinder 11 
'yurtn oolntoatea on th. cloning aid. 1, .1th a eloalng 
aid. line 17 and on th. opening aid. 16 .HI. .n oponlng aid. 



Th. control valv. ayat" 20 1. generally "r""'" 4 * 
, fluid eoononlaer valv. 30 .hint. 1. in oon.nnlc.tlon .1th 
th. ,.,...« valv. 60 auch that a algnal fro. th. 

c. m .n«. th. op.r.tl.n of th. fluid ..one. Uer 
».lv. 30. in th. preferred «bodl..nt, the oo.»uolc.t on 
bet«. th. field ..on«lx.r valv. 30 and th. a.Q».»o. valv. 
6oTa Pr«ld.d by a eloalng -ode line 32 and .n opening .ode 

""• Th. ..,..«« «1« « l » *«• l " 'Toonatant 

with a variable pr.»..rlz.d fluid aouro. 21. a octant 
pLaurlned fluid .our.. 22 • r...r..lr or tanU 23. 
uhloh acta .» a dlacharg. point for the fluid of the 
avate. in the preferred e»bodi«nt. the pr.aaur. aocrc.e 
zl atTd' 22 ~y c«prl.e fin" P-P- and preaaur. regulator 
tog." .r with on. or .or. aoou.ul.tora. Other ■ aultah 1. 
ortaaur. aupply .-».. bouever, may be utilised In 
accordance " th thl. Invention. In turn, reaervolr 23 »>y 
b. th. Adl- tan, utilized in conjunction with th. preaaur. 
p Lp or any oth.r aultabl, tan. for atorln. or recycling th. 
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^.r valve 30 comprises a sensing means 
The fluid economizer valve a j ^ 
„«„*tlon with the closing mode iine o*. 
35 m communication en 

«. ,.loolt, of »=» <£ £ * , t hlgh ,. 10 .ltl« 

th. drop 1« ^"7*\ P ;r."« t r,.n... In th. pr.r.rr. d 
th. drop l».r~.« « • J, c0 . prU „ . n.« di.p»r.g. 

„tod«.nt. th. «" ^ . wrexlM t.ly thirty 

p„„.r. »y ». »tUU.d 1» . „ bod l.«t, turn 

Th. «n»m« » M05 or ' " ™ .Id. 36 .od . low »• . 

» Tc'cUnlctt « « « high .Id. 36 dlr.otl, 
,h. dUphr... 35 „ uh w fro. th. op.nl»g 

«lth th. o.otr.1 "TllndT W , w . 
sl d. ll». xe .1. th. on th. 1.. 

U». 17H. Th. dl.phr.g- 35 • ^ prMMr . 

„id. 37 «ith th. olo.ing >ld. 11M 

.onltor lln. 3».- to ..uetlwly rout. 

«• »» tr01 2 .to. 16 of t". .P.«t.r oyllndT 11 to 
no. fro. th. op..l»g c _ lln ,., 11. in th. 

t M oio.i« .i*. » «" £ e r, lln4 .r » . 

,r.f.rr.d «h<»dU.nt. <*« " r 35 „ a . r.turn 

r.tr..tlog .»d « •«.«»t th. «»- ^ w turther 

„4 12 .t th. .PP..". ..d. Th. ' un<1 , r „ 10 ,.t.d 

h„ t.o oyllndrl«l f .,u„d.r M 

.„,o.ot to "^r^t.- ."in." lo..t.d .dj.c.nt 
of l.rg.r dl«.t.r th. th. f.^ ^ ^ eyl 

dlff.r.ot wgnltttd. r..p.otl«ly- OOM »nlo.t. 
fh. f..d cyund« « » " P.ndl.ul.r .nnolar 

- ^r^rir.u£ r ur r ^- n: . 
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closing node line 32 is connected and a diaphragm aperture 
47 located in the retracting end 41 and communicating with 
closing side line 17H. 

The bypass cylinder 44 has a drain aperture 48 in 
communication with opening mode line 34, and a mid-aperture 
49 located along its length and in communication with 
opening side line 18. 

The bypass cylinder 44 further comprises a control 
piston 40a slldably mounted therein. The piston 40a has a 
width such that its movement between the annular face U5 
near the retracting end 41 and the return end 42 directs 
flow from the opening side line 18 either to the drain 
aperture 48 or to the diaphragm aperture 47. 

The piston 40a further has an outer diameter slightly 
less than the inner diameter of the bypass cylinder 44 such 
that the control piston 40a snugly fits bypass cylinder 44 
and precludes or minimizes flow around the piston 40ar 
Additionally, the side of control piston *0a nearest the 
retracting end 41 further has a face parallel to the annular 
shoulder 45 such that movement of the piston 40a toward the 
return end brings the piston 40a into substantially flush 
contact with the annular shoulder 45- In this manner, the 
annular shoulder 45 reduces the effective surface area of 
the piston 40a subject to fluid pressure and acts as a 
detent for the piston 40a for pressures for which the force 
exerted on the reduced surface area is less than the 
resistant foroe seen on the opposing side of the control 
piston 40a from pressurized flow on the other side or from 
the switching rod 59 as described bwlow. 

The switching cylinder 50 has an open end 58 adjaoent 
the control cylinder 40 and a closed end 53 opposing the 
open end 58. The switching cylinder 50 is concentrically 
aligned with the control cylinder 40 and has a slightly 
greater diameter than the control cylinder 40. The 
switching cylinder 50 further comprises an annular shoulder 
52 having a width defined by the difference in diameters 
between the control cylinder 40 and the switching cylinder 
50, wherein the annular shoulder 52 partially closes the 



b in.in, «r» 55 . «U-~ .uu. 56 aod 
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..itching «J"»4«- 5° f " 1 "!" on th. .Id. «orr..po»dlng 
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the opening mode line 31 wwr 
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, .p.; U» srr s~ « — - - — 
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" oio.i». .u. « - °n:: r f « th. 10 . .u. 3? 

«. dl.phr... 35 .I" ,..ntl»».» » ^ tr .„ ls t0 th. 
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„„,hln. «U— £~ * " ^'t,,. drop 1. Pr.«»» 
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25 .oro.. th. «.PnrM- 35- M0 llna . r p4 ,to» H 

„.,„.» th. ««rf... f£ «„ tn . di.phr.s- 35 

h, pr..."rl«o M I - 1« » nd . r »o. pls ton ...n 
„d th. nurrno. .r« th. «on«r ^ 36 o( the 

14 if equal pressure " 



. .„ »r...ur. «r«» th. dlaphrw 35, ho««.r, It 1» 
drop in . dUphrwl or M. ..n»l«» ««« 

T . »Vl .»o»,h P«»»r. drop «* that th. drop » 
e.o»l« . "^"^./u,. for., o. th. op.r.tor pi.ton 1S 
pr...ur. .111 »* "•;*• 1|n tban ttat .x.rt.d on th. 
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— l " STTT .Th.--, - «X.. t 

b " thM .*f ,Au.. i. oritio»l on* to th. «t.nt th.t . 



" U ""r. th. pr.PT drop in pr...or. 

the opening aide 16 to o p cylinder *3 

through the bypass cylinder M, p 
and ultimately back into the ^^V^, requlre d 
evlinder 11. lathis manner, the capacity of riu 

olo.ln, .nd of flM thPOU , n th. di.phr.g- 35 

eyllnd.r 16. W» wnam p r.»sur« »oro»» 

to.r,for. d..r«.«. lM "" ln « V* d 7' th . '.or.... in th. 
th. dUpor.- 35. «.f.rrl», "*J\ % locr .„„ th. 

dro, in pr.«»r. «r... to that .» th. 

^- fh« snitching piston 56 relative 
pressure on the »^ tcBl ° 8 P switching piston 

control piston HO. »uch that the fore awltchlng 
56 exceeds the force on control ^ ^ %h- 

pl3t on finder ,0a from the 

opened end SB, forcing * m0V ement of 

re turn end ,2 ^^Un, side 16 of 

the two pistons redirects flow rr ^ 
the operator cylinder 11 through the opening 
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a discharge point. as a result, the back pressure on the 
operator cylinder 12 is decreased, thereby allowing it to 

deferring again to Fig. 1. the sequence valve 60 
includes a means for monitoring pressure input 
variable pressure fluid source 21, a means for selectively 
directing fluid flow from the first fluid source 21 to a 
«eans for channeling flow from a second pressurised fluid 
,ource 22 in response to the pressure input, and a means for 
selectively channeling fluid flow from the second 
pressurised fluid source to open or close the operator 
cylinder 11, the channeling means eommunioating with the 
flow dampener 35, the fluid return system, and the selective 

directing means. *n 
1S in the preferred embodiment, the sequence valve 60 

includes a housing having a first pressure inlet 61 in 
communication with the first pre.suri.ed fluid source 21, a 
eecond pressure inlet 62 in communication with the second 
pressurized fluid source 22, a closing mode outlet 6 3 in 
communication with the flow dampener 35 via the <*<> aln S n <* c 
line 32, an opening mode outlet 6* in communication with the 
control cylinder MO via the opening mode line 3 U, and a tank 

* Pert Tne means for selectively directing fluid flow from the 
first fluid source 21 performs the function of directing the 
hydraulic signal to a mode selector cylinder 90 to move a 
piston in the cylinder 90 to a desired mode for either 
opening or closing the operator cylinder 11. In the 
preferred embodiment, the directing means comprises a flow 
selector cylinder 70 having a first end 71 1 and « £ 
72. The first end 71 includes a chamber 86 in communication 

a chamber branch line 73 vhlch, in turn 
with the first pressured fluid source 21. The flow 
selector cylinder 70 further communicates at a point along 
\TlZJ»i* the first pressure inlet 61 via a pressure 

feed line 7*1. . . . . f 

The flow selector cylinder 70 also has a tank relief 
outlet 79 positioned at the second end 72, a first pressure 
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. .nd . ..oond pr..»ure outl.t 78 portioned along 
it, length. »d • 7. no . a#1 . ot .r tnk fin. 75 

iua.r 70 the piston 80 having a firat aide 
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15 of th. pl.ton 80. Th. no borM gj| 

/»•»> to aligna the first preasure outlet 77 
20 cylinder 70 aligna ^ ^ ^ ^ 

TTTe Wh or tie now selector cylinder 70 in 
along the lengin m 

second pair of borea 84 such ma pre88 ure Inlet 

Tft 4. olaced in comaunication with the first presaur 

78 ia placed borea Mftile the 

, 5 pr..»ur. oLnlng tn. no» -„ The Be ana 

35 fir.t .nd 71 of th. flow ..lector cylinder 70. Th 

. r.t.ln. th. pl.ton in . VUm. ponltlo. n..r th . flr.t «- 
71 of th. flo- «l.ctor cyllnd.r 70 for pr.«ur« 
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from the first pressurized fluid source 21 below a 
predetermined value. When the pressure of the fluid from 
the first pressurized fluid source 21 exceeds that value, 
however, the fluid will enter the branch line 73 and the 
chamber 86 and force the flow selector piston 80 to the 
second end 72 thereby redirecting flow. 

In the preferred embodiment, the means for pressure 
hissing the flow selector piston 80 includes a flow selector 
bias spring 85 positioned between the flow selector piston 
80 and the second end 72. The spring has a spring constant 
sufficient to prevent movement of the flow selector piston 
80 toward the second end for pressurized fluid flow below a 
predetermined pressure. As will be understood, the exact 
value of this constant will depend upon the surface area of 
15 the flow selector piston 80 and upon the predetermined 
pressure value at which the piston 80 is desired to move._ 
Also while in the preferred embodiment, a biasing spring is 
utilized to monitor the pressure input, a pressure sensor 
and a solenoid or some other electrical or electromechanical 
system could be utilized in accordance with the present 
invention. 

The flow selector cylinder 70 therefore selectively 
directs the flow of pressurized fluid to a channeling means 
described below, with the particular direction of flew 
25 depending upon the pressure of the flow. 

The channeling means directs flow from a second 
pressurized fluid source 22, which in the preferred 
-bodiment is an accumulator cylinder, to either the closing 
aide 11 of the actuating cylinder 11 via the flow dampener 
35 or to the opening side 16 of the actuating cylinder 11 
via the fluid return system. 

In the preferred embodiment, the channeling means 
comprises a mode selector cylinder 90 having a closing end 
91 ami an opening end 93. The cylinder 90 includes two 
aligned concentric cylindrical sections. The first 
cylindrical section 105 is disposed adjacent the closing end 
91 and includes a first reservoir chamber 107. The second 
cylindrical section 106 is disposed adjacent the opening end 
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n and h.s > »«cond ras.raoir clumber 108. Th. flr.t 
re..rvolr Mr 107 c«»u»lo.t., with th. first pr..»ur. 
outlet 77 of flow selector oyllnder 70 through a first 
aperture 92 disposed slon, th. old. of th. first «yllndrle.l 
..ction 105. Ih« »ooond r...r»olr oh»b.r 108 oomunlct.. 
ulth th. .send pmssut. outl.t 78 »1. lln. 88 through a 
second apwtur. 91 disposed proximate the opening end 93. 

The sscond cylindrical section 10« further hs. located 
.Xong it. length a pressurised source Inlet 95 In 
cojnloatloo «lth th. second pressurised fluid source 22. . 
drain inlet 9« 1« .enucleation with th. tank 23, an 
operating outl.t 97 ocunlc.tln, with th. .losing »od. 
outlet 63 of th. housing, and a pr.par.tor, outl.t 98 
oomunlcatlng with th. op.nlng mod. outl.t 61. 

A .ode ..l.otor piston 100 Is sildably aounted In th. 
a.o.»d oyllndrlc.1 s.ctlo. 106 of th. .od. ..lector cylinder 
90 for longitudinal .ov«.nt, th. piston basing a dosing 
,ld. 101 corresponding to th. closing .nd 91 of th. .ode 
..l.otor .yll-d.r 90 and an opening aid. 102 
to th. opening end 93. The piston 100 ha. outer 
.uh.tanti.lly e*»l to th. lnn.r dl..»,i.n. of the . o.nd 
oyllndrlc.1 s.otlon 106 such that flow around th. Piston 100 
1. .lnl«is.d or pr.clud.d. th. Piston 100 has a third pair 
.f tor.. 103 positioned such that -OTenent of th. pl.t.. .100 
t. th. op.nlng «d 93 .li«ns th. pressurised sour., inl.t 95 
with th. operation outlet 97 and th. drain outlet 96 with 
tie preparatory outl.t 98. Ih. s.l.otor pl.t.. 100 also 
'.eludes . fourth p.lr of her.. 101 p..ltlon.d .-oh that 
l",«.nt of th. -od. ..lector pl.ton 100 to th. olo.lng.nd 
^ .f th. »d. s.l.ot.r c,llnd.r 90 .Ug«. th. I"**-*"* 
.cur.. tnl.t 95 with th. pr.p.ratory outl.t 98 and th. drain 
outl.t 96 with th. oporatlon outlet 97. 

in this «a»».r, —mmt of th. .od. s.l.ot.r piston 
,00 to th. op.nlng .nd 93 .«««. th. ,~m^ tUU 
.euro, to oo»»nle.t. with th. closing .nd 11 of the 
operator cylinder 11 via th. ~£ 
drain ap.rtur. 18 of th. control cylinder ,10 to «— 
«,th th. tan*. On th. oth.r hand, so«..»t of th. .od. 
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th.n th. pr.»l.«f* «1« J" H—i- 
pr.f.rr.0 —.»-*> * ^ur. Inl.t 6, Into th. 

nuiO ..uro. 21 throu. «« «- ™ f 

,h»h.r hmnoh 11» « » ' „„„„ eoa „ of 

no. ..Lotor pl.ton 80 1. n °'~ lr of bor .. 80 in 

„ yl ln..r TO th.r.h, Pl.ol«« «- p , th . pr . SMr . 

, 3 .f th. .od. «l.ot.r «»"» 4 " ^ th . fourth p .lr of 
pl.ton 100 U th.r.f.r. -o«0 *» uM M .„d 

DO r.. lOh .1th th. ....no fro. th. ..oono 

pr..»rl..d n»« ■"Tj^tTi " op., th. op.r.t.r 
fro. th. .losing «o0« 1"* 32 « 
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Its biased position, the neutral mode 111. The control 
valve system should remain in this mode until the blowout 
preventer is to be aotuated. 

When it is desired to close the operator cylinder, such 
as upon the event of a blowout, flow from the pressurized 
fluid source 21 at a pressure less than that necessary to 
overcome the force exerted by the bias spring 85 is directed 
into the branch line 73 and the pressure feed line 7*. 
Since the pressure and the fluid is not great enough to move 
the flow seleotor piston 80, flow from the first pressurised 
fluid source 21 proceeds directly through the first pressure 
outlet 77 and on into the closing end reservoir 107. This 
flow in turn moves the mode selector piston 100 to align the 
third pair of bores 103 with the pressurised source inlet 95 
and the drain outlet 96. Flow from the second pressurized 
source 22 is then directed to the flow dampener 35 via the 
closing mode line 32 as described above. Additionally, the 
opening mode line 3* i» plaoed in communication with the 
tank such that fluid from the closing side of the operator 
cylinder 11 may be drained to tank when the pressure across- 
the dampener 35 la low enough as described above. 

The instant Invention has been disclosed in connection 
with specific embodiments. However, it will be apparent to 
those skilled in the art that variations for the illustrated 
embodiment may be taken without departing from the spirit 
and scope of the Invention. For example, a pressure sensor 
could be located on the low side of the sensing means to 
sense the pressure variation and a solenoid could be placed 
in communication with the sensor to redirect flow from the 
opening side of the actuating cylinder when the pressure 
drop decreases below the predetermined value. These and 
other variations Including electromechanical combinations 
should now be apparent to those skilled in the art and are 
within the spirit and aoope of the invention. 
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What la Claimed Is: 

1. For use with blowout preventers having an operator 
piston' and cylinder for opening and closing a blowout 
preventer, the piston and cylinder having a closing side and 
an opening side, the closing side having a greater effective 
surface area than the opening side, a flow pressure sensing 
control valve system comprising x 

a sensing means for dropping pressure of flow directed 
to the closing side relatively with increases in flow 
velocity; 

a fluid return system for selectively directing the 
fluid from the opening side of the operator piston to the 
closing side of the operator piston when the drop of 
pressure across the flow dampener attains a magnitude above 
a selected value in order to reduce fluid capacity 
15 requirements and installed horsepower requirements. 

2. The control valve system of Claim 1, wherein the 
fluid* return system for selectively directing the fluid 
comprisesx 

a directional flow control system for selectively 
S directing flow from the opening side of the operator piston 
alternatively to the closing side of the operator piston 
when the drop in pressure across the sensing means is above 
the selected value and to a discharge point when the 
pressure drop is below the selected valuei and 
10 a presuare switching system in communication with the 

directional flow control system for selectively varying the 
alternative flow paths of the directional • flow control 
system. 
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4. Tbe control valve system of Claim 3, wherein the 
switching system comprises t 

a switching cylinder having a discharge end in 
communication with the control cylinder, a feedback end in 
communication with the low side of the sensing means, and a 
longitudinal bore of diameter slightly greater than the 
inner diameter of the control cylinder; 

a switching cylinder piston slidably mounted in the 
switching cylinder for longitudinal movement having an 
effective surface area slightly greater than the effective 
surface area of the control cylinder piston such that upon 
closing of the operator cylinder, flow from the low side of 
the sensing means moves the switching cylinder piston to the 
discharge end when the pressure drop across the sensing 
means Is below the selected range, and further having a 
configuration which snugly fits the inner diameter of the 
bore of the switching cylinder; and 

a switching rod positioned between the switching 
cylinder piston and the oontrol piston, the rod having outer 
radial dimensions smaller than the inner diameter of the 
control cylinder'and a location between the two pistons such 
that the switching rod can pass Into the control cylinder to 
push the control piston to its retracted end upon movement 
of the switching cylinder piston to its discharge end and so 
that the fluid may pass around the switching rod through the 
control cylinder when the control piston is adjacent the 
retracting end of the control oy Under. 

5. The control valve system of Claim »», wherein the 
switching system further comprises means for biasing the 
switching cylinder piston toward the discharge end, the 
biasing means exerting a bias force on the switching 
cylinder piston less than the difference between the force 
on the control piston upon initial entry of pressurized 
fluid upon closing and less than the force exerted on the 
switching cylinder piston by the pressurized fluid after 
passing through the sensing means while the pressure drop is 
above the selected value. 



6. The control valve system of Claim 5, wherein the 
swl tolling cylinder has a recessed bore located at the feed- 
back end having an inner diameter slightly less than the 
inner diameter of the switching cylinder and wherein said 
bias means comprises a spring positioned between the switch- 
ing cylinder piston and the feedback end secured within and 
extending from the recessed bore* 

7. The oontrol valve system of Claims 4 or 5 wherein 
the control cylinder further comprises a detent for the 
control piston in order to impede response of the control 
piston to pressure fluctuations of low magnitude when the 
control piston is adjacent to the retraoting end. 

8. The oontrol valve system of Claim 4 wherein the 
switching cylinder further comprises a detent for the 
switching cylinder piston in order to Impede response of the 
switching cylinder piston to pressure fluctuations of low 
magnitude when the switching cylinder piston is positioned 
adjacent to the feedback end. 

9. The control valve system of Claim 7 wherein the 
switching cylinder further comprises a detent for the 
switching cylinder piston in order to impede response of the 
switching cylinder piston to pressure fluctuations of low 
magnitude when the switching cylinder piston is positioned 
adjacent to the feedback end. 
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13. The oontrol valve ayetem of Claims 1 or H further 
comprising! 

a sequence valve in communication with the control 
cylinder for selectively directing pressurised fluid to open 
the operator cylinder or to close the operator cylinder. 

14. The control valve system of Claim 13 wherein the 
sequence valve comprises! 

means for monitoring pressure input from a first 
variable pressurized fluid source; 

means for selectively directing fluid flow from the 
first fluid source in response to the pressure input from 
said monitoring means i and 

means for selectively channeling fluid flow from a 
second presaurlaed fluid source in response to input from 
said directing means in order to open or close the operator 
cylinder, the channeling means communioating with the 
sensing means, the fluid return system and said directing 
means. 
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15. The control valve ayatem of Claim 1H wherein the 
sequence valve further compriaea: 

a houaing having firat and aecond preaaure inleta in 
communication with the firat and aecond pressure aourcea 
respectively, a closing mode outlet in communication with 
the aensing -ana, an opening -ode outlet in communication 
with the fluid return ayatem and further having a tank 
aperture, 

wherein the directing meana compriaea: 

a flow aelector cylinder contained within the 
houaing, the cylinder having a firat end and a aecond end, 
and further communicating with the firat preasure inlet at a 
point protimate to the firat end and alao at a point along 
It. length between the firat end and the aecond end and 
further having a tank relief outlet at the aecond end, the 
tank relief outlet communicating with a firat preaaure 
outlet and a aecond preaaure outlet and a pre.au™ .bypaaa 
outlet, a flow aelector piaton alidably mounted in the flow 
selector cylinder, the piaton hating a firat aid. 
oorreaponding to the firat end of the flow aelector cylinder 
and a aecond afde oorreaponding to the aecond end of the 
flow aelector cylinder and further having firat and aecond 
paira of bore, extending therethrough, the borea having a 
poaition and orientation auch that movement of the flow 
Elector piaton to the first end of the flow selector 
cylinder aligna the firat preaaure outlet in communication 
with the firat preaaure inlet at the point along the length 
cf the flow aelector cylinder and the preaaure bypaaa . in 
communication with the aecond preaaure outlet, and auch that 
movement of the flow aelector piaton to the aecond end of 
the flow aelector chamber aligna the aecond preaaure outlet 
ln ccmmunication with the firat preaaure inlet at the point 
along the length of the flow aelector cylinder and the firat 
preaaure outlet in communication with the preasure bypaaa, 
wherein the monitoring meana compriaea: 

meana for preaaure biaaing the flow selector piston 
toward the firat end of flow. aelector cylinder, the piaton 
remaining in a biaaed poaition near the firat end of the 
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flow selector cylinder for a predetermined range of pressure 
of fluid injected into the first pressure inlet and further 
moving to the second end of the flow selector cylinder when 
fluid under a pressure higher than the predetermined range 

is injectedj 

and wherein the channeling means oonprisesi 

a mode selector cylinder having a closing end and 
an opening end and further having a first aperture proxl-ate 
to the closing end and a second aperture proximate to the 
opening end, the cylinder additionally having a pressurized 
source inlet, a drain inlet, an operation outlet 
communicating with the closing node outlet of the housing 
and a preparatory outlet communicating with the opening mode 
outlet of the housing, all positioned along the length of 
the mode selector cylinder between the closing end and the 

opening end; and " 
a mode selector piston slldably mounted in the mode 
selector cylinder having a closing side corresponding to the 
closing end of the mode selector cylinder and an opening 
side corresponding to the opening end of the mode selector 
cylinder and further having third and fourth pairs of bores 
extending therethrough, the third pair of bores positioned 
such that movement of the mode selector piston to the 
opening end of the mode selector cylinder aligns the 
pressurised source inlet in communication with the operation 
outlet and aligns the drain inlet in communication with the 
preparatory outlet and the fourth pair of bores positioned 
auch that movement of the mode selector piston to the 
closing end of the mode selector cylinder aligns the 
pressurised source inlet in communication with the 
preparatory outlet and aligns the drain inlet In 
communication with the operation outlet. 
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16. The control valve system of Claim 15 wherein the 
means "for pressure biasing comprises a spring positioned 
between the flow selector piston and the aeoond end of the 
flow selector cylinder, the spring having a spring constant 
sufficient to prevent movement of the flow selector piston 
toward the second end for pressure fluid flow below a 
predetermined pressure. 

17. The mpparatu* of Claim 1 wherein said sensing means 
oomprises a flow diaphragm. 
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18. In a method of reducing fluid capacity requirements 
and installed horsepower requirements of blowout preventers 
having an operator piston and cylinder for opening and 
closing a blowout preventer, the piston and cylinder having 
5 a dosing side and an opening side, the steps oft 

(a) injecting fluid on the opening side of the 
operator piston in order to move the operator to an open 
position} 

(b) aeleotively injecting fluid under pressure through 
10 a sensing means for dropping pressure of flow relatively 

with increases in flow velocity, whereby the pressure of the 
fluid is reduced across the sensing means, to the dosing 
side of the operator piston in order to initiate the 
movement of the operator piston to close the blowout 

IS preventer} 

(c) selectively directing the fluid foroed from the 
opening side of the operator piston by the movement of the 
operator piston in step (b) to the closing side of the 
operator piston, when the magnitude of the reduction in 

20 pressure is above a predetermined value} and 

(d) redirecting the fluid forced from the opening side 
of the operator piston to discharge to a reservoir when the 
magnitude of the reduotion in pressure is below the 
predetermined value. 
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19. The method of Claim 18, characterized during the 
performance of step (a) by injecting fluid into a 
directional flow control system in order to position it in a 
retracted position} then, during the performance of step 
(b), injecting the pressurized fluid before it passes 
through the sensing means into the directional flow control 
system, so that the directional flow control system is 
selectively set to direct fluid from the opening side of the 
operator piston to the closing side of the operator piston 
while simultaneously injecting the pressurised fluid after 
it passes through the sensing means into a switching 
cylinder in order to accommodate the monitoring of the 
pressure reduction across the sensing means} then, during 
the performance of step (c), directing the fluid forced from 
the opening side of the operator piston to the closing side 
of the operator piston by means of the directional flow 
control system until the magnitude of the pressure reduotion 
across the sensing means is below the predetermined value} 
and then, readjusting the dlreotlonal flow control device to 
accommodate the performance of step (d). 
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20 A sequence valve, comprising: 

.Una for .onitorin* pressure input fro. a first 
, ... „-.-surixed fluid source; 

t0 input fr- t„. firat mid .cure, th. 

r»tr f ll '^. t h . dir.ctl»« ,,.» t h .t It t*. 

pressurised fluid source is channeled. 
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fluid pressure la higher than the determined range, 
and wherein the channeling means coepriaea* 

a mode selector cylinder having a closing actuating 
end and an opening end and further having a first aperture 
oroxi-ate to the closing end and a second aperture proximate 
to the opening end, the cylinder additionally having a 
pressurised source inlet, a drain inlet in communication 
with the third outlet, an operation outlet communicating 
with the first outlet of the bousing and a preparatory 
cutlet ccunicating with the second outlet of the housing, 
all positioned along the length of the mode selector 
cylinder between the closing end and the opening end, 

a mode selector piston slidably mounted in the mode 
aeleotor cylinder having a closing side corresponding to the 
dosing end of the mode -eleotor cylinder and an opening 
aide cUsponding to the opening end of the mode sel.otor 
cylinder and further having third and fourth pairs of bores 
extending therethrough, the third pair of bores po.itio ed 
auch that movement of the mode selector piston to the 
opening end of the mode selector cylinder aligns the 
pressurised source inlet in enucleation with the operation 
cutlet and aligns the drain inlet in communication with the 
preparatory outlet and the fourth pair of ^ 
auch that -ovement of the' .ode selector piston to the 
dosing end of the mode selector cylinder aligns the 
pressurized source inlet in communication with the 
preparatory outlet and aligns the drain inlet in 
communication with the operation outlet. 

22. The control valve system of Claim 21 -herein the 
means for pressure biasing comprises a spring P«»'<£ 
between the flow selector piston and the second end of the 
flow selector cylinder, the spring having a spring constant 
sufficient to prevent movent of the ^ 
toward the second end for pressure fluid flow below 
predetermined pressure. 
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23. A flow pressure sensing control valve system 
substantially as described herein with reference to the 
accompanying drawings. 
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